NASA Technical Paper 1479 


A Summation and Inhibition Model 
of Annoyance Response to Multiple 
Community Noise Sources 


NASA 
TP 
1479 
c. 1 



o 

t-« " 

UJ r 

■C S5 
tr- 




Clemans A. Powell 

loan copy: return tq 

AFWL TECHNICAL LIB'RAMf 
KIRTLAND APS, N. M. 

SEPTEMBER 1979 - 





TECH LIBRARY KAFB, NM 


TECH LIBRARY KAFB, NM 

I1HHII1H1I 

D13Mb7? 


NASA Technical Paper 1479 


A Summation and Inhibition Model 
of Annoyance Response to Multiple 
Community Noise Sources 


Clemans A. Powell 
Langley Research Center 
Hampton, Virginia 


NASA 

National Aeronautics 
and Space Administration 

Scientific and Technical 
Information Branch 


1979 



SUMMARY 


A model of annoyance due to combined noise sources has been developed. The 
model provides for the summation of the subjective magnitudes of annoyance due 
to the separate noise sources and for the inhibition of the subjective magni- 
tudes of each source by the presence of the other noise sources. The inhibition 
process is assumed to mathematically obey a power-group transformation. 

The results of an experiment in which subjects judged the annoyance of 
15-minute sessions of combined aircraft and road-traffic noise are compared 
with the model herein developed and with several other models of combined source 
annoyance. These comparisons indicated that the model developed herein provides 
better qualitative and quantitative agreement with experimental responses than 
the other models. The application of the model to multiple community noises 
is discussed. 


INTRODUCTION 

A major problem in the prediction of community annoyance response to 
environmental noise is how to quantify noise environments which contain more 
than one noise source. One recent approach (refs. 1 and 2) is to express the 
noise exposure in terms of the A-weighted energy-equivalent continuous sound 
level L e g or its derivative measure L< 3 n , which incorporates a night exposure 
penalty. Although the unique dose- response relationship implied by such an 
"energy" model is appealing because of its simplicity, there is considerable 
evidence (refs. 3 to 7) which indicates that it cannot accurately predict annoy- 
ance response to all noise environment situations. For example, the findings 
of reference 3 indicated that equal exposures (in terms of L e g) to different 
noise sources do not necessarily evoke equal annoyance responses. In addition, 
references 4 to 6 indicated that annoyance response to one source is inhibited 
by the presence of other noise sources. It was further shown in references 5 
and 7 that general noise dissatisfaction, or total annoyance, with exposures to 
combinations of different noise sources could not be satisfactorily explained 
by an energy model. Consequently, the present models apparently are not entirely 
adequate for predicting community response to noise environments which contain 
multiple noise sources. 

It is the purpose of this paper to present a proposed model of annoyance 
response to combined noise sources which takes into account the interactions 
between noise sources such as those found in the experiments in reference 7. 

The proposed model provides for summation of annoyance due to the separate 
noise sources and for inhibition of annoyance due to each source by the pres- 
ence of the other sources. The assumptions and procedures used to derive the 
model are presented in detail. The suitability of the model is examined by 
comparing it and several other models with the results of an experiment 
reported in reference 8. 



SYMBOLS 


A,a,B,b,c constants used in developing mathematical model of annoyance due 
to combined noise sources 

f functional relationship of annoyance to noise level 

J mean subjective judgment 

k constant in the general psychophysical law 

L eq equivalent continuous sound level (energy- averaged, A-weighted), dB 

R community annoyance response to noise 

3 exponent in general psychophysical law 

k constants in a power-group transformation 

$ intensity of stimulus 

4>o intensity of stimulus at threshold of perception 

y subjective magnitude of stimulus 

inhibited subjective magnitude of stimulus 
Subscripts: 

1 stimulus 1 

2 stimulus 2 

a/c aircraft 

d dominant noise source 

r/t road traffic 

s subordinate noise source 

t total 

Note that more details of the indices and scales for acoustical measurements 
can be found in a number of general noise references, including reference 9. 

MODEL DEVELOPMENT 

The following sections describe the steps leading to the development of 
a model of annoyance response to combined noise sources. The first step was 
to provide a means for describing the inhibition in sensation magnitude of each 
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individual noise source, or stimulus, by the presence of another source. The 
second step was to assume a reasonable rule for combining the magnitudes of the 
inhibited stimuli. The final step involved making several simplifying assump- 
tions and performing the necessary algebraic manipulations to reduce the rela- 
tionships resulting from the first two steps into a convenient form. 


Background 

A form of the general psychophysical law relating the sensation magnitude 
of a stimulus to a physical measure of its intensity is (ref. 1 0) 


'F = k (4> - cDq)* 3 (!) 

where 'F is the sensation magnitude expressed along a continuous scale having 
ratio properties, 4) is the intensity of the stimulus, and 4) 0 is the inten- 
sity at the effective threshold of perception of the stimulus. The constant k 
depends on the measurement unit of 4), and the exponent 3 depends on the sense 
modality of the stimulus. 

It was proposed in reference 10 that the sensation magnitude of a stimulus 
is inhibited by the presence of an additional stimulus and that this inhibition 
could be mathematically represented by a power-group transformation; that is, 


y. = K yn 


( 2 ) 


where *F 1 is the inhibited sensation magnitude and ¥ the uninhibited sensa- 
tion magnitude of the stimulus. The variables k and r| are positive and 
depend on the intensity and spectral characteristics of the inhibiting stimulus. 

The proposal to use the power transformation was based on a review of many 
studies of the inhibition of both auditory and visual stimuli. The basic inhi- 
bition phenomenon observed in these studies is illustrated in figure 1. The 
dashed line of figure 1 represents the relationship, determined in subjective 
tests, of the sensation magnitude of a target stimulus to its intensity level. 
The dotted curve represents, in a general sense, experimentally observed sensa- 
tion, or "subjective" magnitude, of the target stimulus when an inhibiting 
stimulus of fixed intensity is present (an example can be found in refs. 11 
and 12). The solid line represents the power transformation suggested in 
reference 10. The data presented in reference 10 indicate that the break point 
in the solid line occurs generally at a point where the uninhibited subjective 
magnitude of the target stimulus is somewhat greater than the subjective mag- 
nitude of the inhibiting stimulus. The general trend of the data from refer- 
ences 11 and 12, however, indicates small but measurable inhibition for even 
greater subjective magnitudes of the target stimulus. This is accounted for 
in the following section which describes how the power- transformation theory 
of reference 1 0 in a modified form was used as a mathematical basis for the 
inhibition process proposed in the present model. 
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log <p 

Figure 1 .- Generalized relationships of inhibited and uninhibited 
subjective magnitudes of a stimulus to intensity of the stimulus. 


Model Approach 

Inhibition .- For two noise sources at levels sufficiently above their 
effective thresholds, the independent subjective magnitude of each source can 
be assumed to be related to their respective physical intensities by 

^1 - Ml 3 ( 3 ) 


and 


*2 = M2 3 

The choice of separate constants, kj and k 2r provides for conditions in which 
equal intensity levels of the two sources do not necessarily evoke equal annoy- 
ance responses. The choice of the single exponent, 3 , assumes that the growth 
of annoyance with intensity is constant for the sources and depends solely on 
the sense modality. 
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If one stimulus is assumed to have constant intensity $ 2 , the subjective 
magnitude ¥ 2 is given by equation (4). Now if the intensity of the other tar- 
get stimulus is allowed to vary, the inhibited subjective magnitude of the tar- 
get stimulus is assumed to be related to its uninhibited subjective 

magnitude Y-j as shown in figure 2. In region I, where *F-| is less than 
is highly inhibited and 'F] is given by a power-group transformation. 



Figure 2.- Relationship between inhibited and uninhibited subjective 
magnitude of stimulus 1 in the presence of stimulus 2. 


In region II, where 'F-] is somewhat greater than 'F 2 , *F-| is still inhibited 
so that *F] is given by a different power transformation. In region III, 
where ¥■] is greater than some constant c times no inhibition is pres- 

ent and Y{ is given by 'F-j. This hypothesized relationship is somewhat 
different than that proposed in reference 10 and depicted in figure 1, since a 
second power transformation is assumed for region II. This approach is sup- 
ported by the results of previous experiments (ref. 8) on the annoyance of 
individual aircraft noises. Traffic or background noise was found to inhibit 
the aircraft noise, even though the traffic level was much less than the air- 
craft peak levels. It has also been found in references 11 and 12 that some 
loudness masking occurs for stimulus levels considerably greater than the mask- 
ing level. The inclusion of the power transformation in region II thereby 
represents this generally observed phenomenon in a mathematically convenient 
way. 
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Similarly, if fixed values for <j>-| and T-| are assumed, stimulus 2 
should be inhibited with the same type of relationship between its uninhibited 
and inhibited subjective magnitudes ¥ 2 and 'l 7 2 » In either situation, except 
at the point of subjective equality where one source is dominant, in 

either region II or region III, and the other source is subordinate, in region I. 

To simplify the mathematical development of the model, the following change 
in notation is used: The uninhibited subjective magnitude of the subordinate 

source is designated as ^ s ; the uninhibited subjective magnitude of the dominant 
source is designated as ¥ 3 . The corresponding inhibited subjective magnitudes 
are designated as V ' s and ¥< 3 , respectively. 

In region I , as depicted in figure 3(a), the inhibited subjective magnitude 
of the subordinate source can be mathematically represented by 


log 'Fg = A + (1 + a) log 'Fg 


(5) 


where A and a are constants for a given value of 'Fj. The multiplier for 
log *F S was chosen to be (1 + a) to indicate that log ig increases more 
rapidly than does log 'Fg. 

Similarly, in region II, as depicted in figure 3(b), the inhibited subjec- 
tive magnitude of the dominant source can be mathematically represented by 


log ^ = B + (1 + b) log Y d 


( 6 ) 


where B and b are constants for a given 'Fg. 




(a) In region I. 


(b) In regions II and III. 
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Figure 3.- Graphical representations used to establish relationship between 
inhibited and uninhibited subjective magnitudes of annoyance. 



Of course, in region III, the dominant source is uninhibited; that is 
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Summation . - The primary assumption of the present model is that the total 
annoyance due to combined noise sources, when expressed as a subjective magni- 
tude with ratio-scale properties, is equal to the addition of the inhibited sub- 
jective magnitudes of the component noise sources. The total subjective magni- 
tude of annoyance for the two noise sources is given therefore by 


*t = ^d + (8) 

where and ¥g are the inhibited subjective magnitudes of the dominant 

and subordinate source, respectively. This summation of the subjective magni- 
tude components is analogous to the methods used in several loudness level or 
perceived noise level calculation procedures (ref. 9). 

Additional assumptions .- The relationships for the inhibited subjective 
magnitudes (eqs. (5) and ( 6 )), while useful from a conceptual point of view, are 
not practicable. As was stated earlier, the factors A and a are constants 
only for a given value of and the factors B and b are constants only 

for a given value of ¥ s . To remove these limitations, the following additional 
assumptions were necessary: 

1. The values of the factors a and b are constant over the range of 
subjective magnitude of interest in community noise exposures. 

2. At the point of subjective equality, the inhibited subjective magnitudes 
are also equal; that is, ¥,3 = 'Fg when = 'Fg. 

3. The inhibited subjective magnitudes ¥,3 and 'Fg are piecewise 
continuous at the boundaries between regions I and II and between regions II 
and III. 

Justification for the first of these assumptions can be found by visually 
examining data presented in references 10 to 12. Over ranges in sound pressure 
level of 40 to 90 dB for both target and inhibiting stimuli, it appears that 
the two-segment inhibition relationship proposed in the present model could be 
fitted to the experimental data with good accuracy by appropriately changing 
only the boundary between regions II and III as a function of the inhibiting 
stimulus. 

Justification for the second assumption is not as straightforward. It is 
known, for example, that loudness masking is frequency dependent. Similarly, 
community noise sources with large differences in spectral characteristics 
could also have different annoyance-inhibiting properties. Therefore, the pres- 
ent model may be applicable only to noise sources which have similar spectral 
characteristics. Although this assumption is a limitation on the scope of the 
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model, it is not a limitation on the concept of summation and inhibition. It 
would be possible to adapt the model to noise sources having dissimilar inhibit- 
ing properties. However, the assumption of similar inhibiting properties 
greatly simplifies the mathematical development to follow. 

Mathematical development .- At the boundary of regions II and III (see 
fig. 3(b)), the subjective magnitude of the dominant source is not inhibited 
by the subordinate source and 


44 


V<*s 


= 4' < a 


(9) 


Equation (6) for region II therefore becomes 
log c4' s = B + (1 + b) log c4 , s 
which can be reduced to the form 


B = -b log c4' s 


or 



( 10 ) 


Upon substitution of equation (10) into equation (6), the inhibited subjective 
magnitude of the dominant source in region II can be expressed by 


log 4'a = log 



+ log +b 


or 





( 11 ) 
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At the boundary of regions I and II (see fig. 3(a)), the inhibited subjec- 
tive magnitudes of the subordinate and dominant sources are assumed to be equal: 


v' 

T s 


*s*d 


= *d 


( 12 ) 


Equation (5) for region I therefore becomes 


lQ g *a w w = A + (1 + a) log y d 
¥ s =Y d 


which can be reduced to the form 


A = log Y d 


V*d 


- (1 + a) log Y d 


(13) 


The inhibited subjective magnitude of the dominant source in region II 
(eq. (11)) reduces at the boundary between the regions I and II to 


r* 


V*d 



Substitution of this relationship into equation (1 3) yields 


or 


A = log 



- log ¥ d l+a 


A 


log 



(14) 


Upon substitution of equation (14) into equation (5), the inhibited subjective 
magnitude of the subordinate source in region I can be expressed by 


log Tg = log 



+ log y +a 
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or 






( 15 ) 


The total subjective magnitude of annoyance for the combination of subordinate 
and dominant sources is therefore obtained from equations (7), (8), (11), and 
(15). For 'I'd = c'Vq, the dominant source is in region III (the subordinate 
source is always in region I) , so that is given by 


y t = ^d + I " 


b /Y< 





For < c'Fg, the dominant source is in region II, so that 


¥ 


t 



b 

*d + 





COMPARISON OF MODEL WITH EXPERIMENTAL DATA 


(16) 


( 17 ) 


Description of Experiment 

To provide the necessary information to verify the summation and inhibition 
model, a laboratory experiment was conducted in which subjects made annoyance 
judgments of extended sessions of multiple-aircraft and traffic noise. A com- 
plete description of the design and results of the experiment is reported in 
reference 8. 


The experiment was conducted in a simulated living room in the interior 
effects room at the Langley aircraft noise reduction laboratory. A total of 
17 different noise conditions were used. Each noise condition was of 15-minute 
duration. For four of the conditions, eight recorded aircraft flyover noises 
were presented so that the energy- equivalent continuous A-weighted sound levels 
L e q for the conditions were 30, 40, 50, and 60 dB. Similarly, for four of the 
conditions, recordings of heavy-flow road-traffic noise, with standard deviation 
in level of 1.4 dB, were presented at L e q of 30, 40, 50, and 60 dB. The 
remaining nine conditions consisted of the factorial combinations of the same 
aircraft and traffic noises at levels of 40, 50, and 60 dB. 

While engaged in a leisure activity (such as reading or knitting) , subjects 
(16 groups of 4) made a single, total annoyance judgment of each of 9 sessions 
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of noise. The judgments were made on numerical category scales from 0 to 9 with 
the end points labeled "Not Annoying at All" and "Extremely Annoying." Each 
subject group was exposed to three each of the separate aircraft and traffic 
conditions and three of the combined noise conditions. 

The mean annoyance response to the different noise conditions are pre- 
sented in table I. Analyses of variance (see ref. 8) performed on the subjects' 
responses indicated that for the separate aircraft and traffic conditions, 
noise type was significant at the 5-percent level and noise level was signifi- 
cant at the 1-percent level. For the combined noise conditions, both aircraft- 
noise level and traffic-noise level and the interaction of the two were found 
significant at the 1 -percent level. 


TABLE I.- MEAN RESPONSE AND SUBJECTIVE MAGNITUDES FOR 
EXPERIMENTAL NOISE CONDITIONS 
[^Experiment reported in reference 8j 


Aircraft 
noise level, 
U e q/ <32 

Traffic 
noise level, 
L e qr *3® 

Mean 

response 

(a) 

Subjective 

magnitude 

30 



0.84 

0.64 

40 

— 

1 .88 

1 .56 

50 

— 

2.51 

2.17 

60 

— 

4.51 

4.31 

— 

30 

.68 

.51 

— 

40 

1 .23 

1 .01 

— 

50 

2.35 

2.01 

— 

60 

4.24 

4.00 

40 

40 

2.56 

2.22 

40 

50 

2.29 

1 .95 

40 

60 

5.59 

5.60 

50 

40 

2.42 

2.08 

50 

50 

4.29 

4.05 

50 

60 

4.93 

4.80 

60 

40 

4. 47 

4.26 

60 

50 

4.26 

4.02 

60 

60 

6.52 

o 

CO 

• 

VO 


a Response was made on a category scale from 0 to 9 with end 
points labeled 

0 - Not annoying at all 
9 - Extremely annoying 


11 



Conversion of Response Data Into Subjective Magnitude 


Before the summation and inhibition model of annoyance response to combined 
noise sources could be verified, it was necessary to convert the mean responses 
obtained from the category scaling technique into a scale which had the ratio 
properties of sensation, or subjective, magnitudes. It has been long recognized 
that auditory subjective attributes, such as loudness and noisiness in general, 
obey the physchophysical power law that a doubling or halving of the attribute 
is represented by approximately a 1 0-dB change in sound pressure level. For 
this experiment, such a relationship was assumed to describe the annoyance 
response to the conditions of the separately judged airplane and traffic noises. 
A subjective magnitude of 1.00 was selected to serve as a standard condition 
and was assigned to the mean response for the L e q = 40 dB traffic-noise con- 
dition. Similarly 0.50 was assigned to the L e g = 30 dB traffic response, 

2.00 to the L e q = 50 dB traffic response, and 4.00 to the L e g = 60 dB traf- 
fic response. A least-squares second-order polynomial fit was performed with 
the assigned subjective magnitudes of the traffic noises as the dependent vari- 
able and the mean response for the four traffic conditions as the independent 
variable. The following relationship was determined: 


¥ = -0.030 + 0.767J + 0. 0431 J 2 


(18) 


where ^ is the predicted subjective magnitude and J is the mean response 
to traffic noise obtained from the experiment. This relationship is indicated 
in figure 4. 


Subject! ve 
magni tude> 



Figure 4.- Relationship between assigned subjective magnitude 
and mean response for traffic-noise conditions. 
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Equation (18) was then used to calculate the subjective magnitudes for 
each of the separate and combined noise conditions. These values are given in 
table I along with the mean responses. 


Comparison of Model With Experimental Data 

From the subjective-magnitude data of table I, best estimates of the con- 
stants a, b, and c used in the model were found using a three- parameter 
optimization procedure. The procedure minimized the residual sum of squares 
between the predicted subjective magnitudes and the calculated subjective magni- 
tudes given in table I for the combined noise conditions. The values of the 
constants which produced the minimum residual sum of squares were a = 1.34, 
b = 0.169, and c = 2.56. 

Comparisons of the summation and inhibition model with the experimentally 
determined total subjective magnitudes for the combined noise conditions are 
presented in normalized form in figures 5 and 6. Figure 5 presents the ratio 



Figure 5.- Comparison of model and experimental data showing relationship 
between total and aircraft subjective magnitudes both normalized by 
traffic subjective magnitude. 
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Figure 6.- Comparison of model and experimental data showing relationship 
between total and traffic subjective magnitudes both normalized by 
aircraft subjective magnitude. 


of total subjective magnitude to traffic-noise subjective magnitude plotted 
against the ratio of aircraft-noise subjective magnitude to traffic-noise 
subjective magnitude. The functional relationship indicated by the line was 
generated from the model and the best fit for the constants a, b, and c. 
Considering that the subjective-magnitude estimates of both the separate 
noise conditions and the combined noise conditions included the usual random 
errors associated with any type of subjective tests and considering that these 
errors were compounded when combined in the model, the general agreement is 
good. Figure 6 presents the same data. However, in this case, the normaliza- 
tion was performed using the aircraft-noise subjective magnitudes. Since the 
model is symmetric about the two noise sources, the same functional relation- 
ship is presented in both figures. The data trends of the two figures generally 
confirm this symmetry and the shape of the curves from the summation and inhibi- 
tion model. 
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Comparison With Other Models 

Predictions of total annoyance response to the combined noise conditions 
of reference 8 were made for several other models and are presented in table II. 

TABLE II.- SUBJECTIVE MAGNITUDES OF ANNOYANCE DUE TO COMBINED NOISE 

PREDICTED BY SEVERAL MODELS 


Noise levels, 
L e q# <3B 

Subjective magnitudes predicted by models 

Experimental 

subjective 

magnitudes 

Aircraft 

Traffic 

Magni tude 
summation 

Energy 

summation 

Response 

summation 

Summation and 
inhibition 

40 

40 

2.57 

1 .65 

1 .45 

1 .88 

2.22 

40 

50 

3.91 

2.23 

3.1 2 

2.74 

1 .95 

40 

60 

5.56 

4.05 

5.24 

4.37 

5.60 

50 

40 

3.1 8 

2.22 

2.53 

2.41 

2.08 

50 

50 

4.1 8 

2.58 

3.34 

3.42 

4.05 

50 

60 

6.1 7 

4.1 5 

5.28 

4.60 

4.80 

60 

40 

5.32 

4.32 

4.48 

4.42 

4.26 

60 

50 

6.32 

4.41 

4.59 

4.80 

4.02 

60 

60 

8.31 

5.13 

5.55 

6.81 

6.80 


The first model used the simple summation of the subjective magnitudes of the 
separate aircraft and traffic noise conditions to provide the total subjective 
magnitudes for the combinations. The second model utilized an energy-type sum- 
mation scheme in which each of the subjective magnitudes of the separate condi- 
tions were converted into equivalent energy terms through the appropriate power 
relationship. The energy values for each combination were subsequently added 
and the summed energy was then reconverted to obtain total subjective magni- 
tude. The third model is the response summation model of reference 13. In this 
model the equivalent continuous sound level is augmented by an increment which 
depends on the differences in noise levels of the separate sources which produce 
equal annoyance response. Included in table II are the values of the total sub- 
jective magnitudes predicted by the summation and inhibition model and those 
calculated from the response data of reference 8. 

Comparisons of the four models and the experimental data are provided in 
table III. The total sum of squares of the subjective magnitudes of the experi- 
mental data for the nine combined noise conditions and the residual sum of 
squares for each model are presented. The explained sum of squares was obtained 
by subtracting the residual sum of squares from the total sum of squares. The 
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coefficient of determination (ratio of explained to total sum of squares) is 
also presented for each model. 


TABLE III.- COMPARISON OF MODELS WITH EXPERIMENTAL DATA 


Total sum of squares for experimental data 


22.16 


Models 



Magnitude 

Energy 

Response 

Summation 


summation 

summation 

summation 

and inhibition 

Residual sum of squares 

15.76 

8.35 

4.96 

3.43 

Explained sum of squares 

6.40 

13.81 

17.20 

18.73 

Coefficient of determination .... 

0.289 

0.623 

0.776 

0.845 


The total annoyance predicted by the magnitude summation model was gener- 
ally greater than the experimental data. Furthermore, only about 29 percent of 
the total sum of squares was explained by this type of model. The annoyance 
predictions given by the energy summation model, on the other hand, generally 
were less than the experimental data, particularly for those conditions where 
the levels of, and annoyance response to the separate aircraft and traffic 
noises were nearly equal. The energy summation model, however, was a great 
improvement over the magnitude summation model in that it was able to explain 
about 62 percent of the total sum of squares. The response summation model was 
an improvement over both previous models in that it was able to explain about 
78 percent of the total sum of squares. None of the simple models, however, 
were as good as the summation and inhibition model which was able to account for 
about 85 percent of the total sum of squares. 


APPLICATION OF THE MODEL 

This section describes a method by which the summation and inhibition model 
can be used to predict the annoyance response to multiple community noise 
sources. This method involves the computation of a correction factor to be 
added to the total equivalent continuous sound level to account for the effects 
of summation and inhibition. 

The primary assumption for this method is that although the absolute annoy- 
ance responses to two sources are not necessarily equal at equal noise levels, 
the growth of annoyance with noise level is the same for both sources. This 
assumption was also made during the development of the present model. For the 
present discussion, the functional relationship between annoyance response and 
noise level is assumed to be linear only for illustrative purposes. It is gen- 
erally found (refs. 3, 8, and 13) that a simple linear transformation of noise 
level is sufficient to reduce the functional relationship to an invariant form 
for different types of noise sources. This transformation is indicated in 



figure 7. The response to one source at level L-| is indicated by the solid 
line and the relationship 


R] = f (I*! ) 


( 19 ) 


The response to another source at level L2 is indicated by the dashed line 
and the relationship 


R 2 = f(L 2 + D) 


(20) 


where D is the difference in level of the two sources for equal annoyance 
response. The quantity (L 2 + D) represents the "effective level" of the second 


Annoyance 

response, 

R 



Figure 7.- General relationship between annoyance response and noise 

level for different sources. 


source relative to the first source. The total annoyance response to the combi- 
nation of the two sources is obtained with the same functional relationship: 


Rj = f (L«ji + E) 


( 21 ) 
1 7 


I 



where L T is the equivalent continuous sound level of the two sources combined 
and E is a correction factor to the total noise level to account for summation 
and inhibition predicted by the present model. The total noise level is given 
by the energy- type summation 

Lrp = 10 log (l0 Ll//1 ° + 10 L2//1 °) (22) 

Values of the correction factor E for several values of D and for a 
range of differences in levels of the two sources are presented in figure 8. 
These values were derived from equations (16) and (17); the values of the 
constants a, b, and c found in the comparison of the model and the experi- 
ment (ref. 8) previously described were used and a doubling of annoyance for a 
10-dB change in noise level was assumed. The cusps in the curves for constant 
values of D coincide with points of equal annoyance for the two noise sources 
and indicate the loci of the greatest deviations of the present model from 
energy-type summation models. 


CONCLUDING REMARKS 

A model for predicting annoyance response to combined community noise 
sources has been developed. This model provides for the summation of annoyance 
due to separate noise sources and for the inhibition of annoyance of each source 
by the presence of the other sources. The ability of this model to predict 
annoyance responses obtained in a recent experiment was significantly greater 
than that of other candidate models which do not specifically account for inhi- 
bition between noise sources. 

One possible limitation of the model in its present form is that knowledge 
of the annoyance of the separate noise sources at equal noise levels is necessary 
for its use in predicting annoyance to combined noise source situations. Hence, 
the need exists for future laboratory and field research to provide information 
on annoyance response to different community noise sources. 


Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
August 1 , 1 979 
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